Assessment of moringa oleifera cake residues (MOCR) as eco-friendly bio-coagulant by Zaid, Aziz Qannaf et al.
Jo
 
 
 
 
A
A
Facu
 
In re
incre
wate
Mori
deve
cond
bioco
the l
5.2 (2
the s
Stand
there
dome
 
Keyw
 
Wate
consu
groun
consu
as ni
(Mat
Hepa
the m
synth
the u
disea
(alum
Alzh
arise
urnal of C
SSESSM
(MO
ziz Qannaf 
lty of Chemi
cent times, 
asing trend
r treatment
nga oleife
loping coun
ucted to ev
agulant fo
owest turbi
.5 mg/L), 
tandards C
ard of Wa
fore is a po
stic drinkin
ords: Mori
r mustund
mption an
dwater mi
mption. Th
trates pesti
ilainen and
titis A, Ch
ajor cause
etic water 
se of synt
ses (Paula 
) which a
eimer’s or 
s for an effe
hemical En
Jour
DO
 
ENT OF
CR) AS
Zaid*, Suri
Oluseg
cal & Natural
*Co
the consum
 with a rise
 process at
ra is an 
tries with 
aluate the 
r the treatm
dity, pH, T
40 ppm (1.0
OD and B
ter Quality
tential sou
g water. 
nga oleifer
ergo mult
d for dai
ght contain
e purpose 
cides, heav
 Sillanpaa
olera, Botu
s of death 
treatment m
hetics wat
et al., 2014
s a chemic
other neuro
ctive and e
gineering 
nal Chemical En
ISSN: 0126
Volume 5I
©Universit
I: https://doi.org/
 MORIN
 ECO-FR
ati Binti Gh
un Abayom
 Resources E
Pa
rresponding 
Tel
A
ption of wa
 in demand
 a lower c
example o
a natural co
performanc
ent of wat
DS, and w
 mg/L), an
OD value
 of 250 m
rce for plan
a; Biocoagu
1.0 IN
iple phase
ly activitie
 a lot of un
of water tr
y metals a
, 2010). W
lism, Typh
in many d
ethods are 
er treatmen
). For insta
al coagulan
-degenerati
fficient eco
and Indus
 
gineering and Ind
(JCEIB) 
-8139 (Online); O
ssue 5 pp. 29-38
i Malaysia Pahan
10.15282/JCEIB
GA OLE
IENDLY
 
azali, Noo
i, Nour Ha
ngineering, U
hang, Malay
author: azizqa
: +601137755
BSTRAC
ter for dom
.Therefore,
ost using a
f the plan
agulating p
e of Morin
er for safe 
ater conduc
d 50 ߤݏ ܿ݉⁄
s were les
g/L and 10
t-based coa
lant; Wate
TRODUC
s of treat
s. Water 
wanted m
eatment is t
nd organic
aterborne 
oid, Dysen
eveloping c
used to ma
t methods
nce, exces
t in water 
ve diseases
-friendly p
trial Biotec
ustrial Biotechn
pen Access 
; May 2019 
g Publisher 
-V5-03.29/3/201
IFERA C
 BIO-CO
r Sabrina A
mid Abdur
niversiti Mala
sia 
nnaf@gmail.
276 
T 
estic and in
 a need for 
n environm
t-based m
roperty. In
ga oleifera
drinking. T
tivity valu
 (0.50 mg/
s than the
0 mg/L, re
gulating ag
r; Soxhlet e
TION 
ment befo
resources 
olecules wh
o purify an
 materials
diseases 
tery, Cryp
ountries (I
ke water sa
 is unhealt
s concentra
treatment 
 (Olalere et
lant-based m
hnology V
ology 
9/5.5 
AKE RE
AGULA
hmad Muta
ahman 
ysia Pahang,
com 
dustrial us
a plant-bas
entally fri
aterials us
 this study
 cake resi
he result o
e as 4.7 NT
L), respect
 recomme
spectively.
ent for wa
xtraction 
re it is s
such as ri
ich make 
d eliminate
, and to im
such as di
tosporidios
dris et al., 
fe for the c
hy and m
tion of alum
has been re
 al., 2016).
ethod of t
5(2019)29-
SIDUES
NT 
mim, Olale
 26300 Gamb
e has been 
ed alternati
endly appr
ually grow
 the Jar tes
due (MOCR
btained sh
U (0.75 m
ively. More
nded Mala
 Hence, M
ter treatmen
afe for hu
vers, lakes
it unfit for 
 pollutants
prove the 
arrheal dis
is and Poli
2016).  Va
onsumer. In
ay causes 
inium sul
ported to 
 Hence the
reatment.  
38 
29
 
 
re 
ang, 
on an 
ve of 
oach. 
n in 
t was 
) as 
owed 
g/L), 
over, 
ysian 
OCR 
t for 
man 
 and 
daily 
 such 
taste 
ease, 
o are 
rious 
fact, 
some 
phate 
cause 
 need 
Journal of Chemical Engineering and Industrial Biotechnology V5(2019)29-38 
 30
The conventional method of water treatment plants consists of a combination of 
coagulation, sedimentation, filtration and disinfection but the most applied water 
treatment technology since early 20th century is made up of coagulation, sedimentation 
and filtration (Abaliwano, 2008). In coagulation process the most common, the 
chemical coagulants used in this process are aluminium sulphate, ferric sulphate and 
ferric chloride (Matilainen and Sillanpaa, 2010). The coagulants’ positive charge will 
neutralise the negative charge of the suspended and dissolved particles in the water. 
During this process, the particles will bind together to form larger particles. The larger 
particles which become heavy are able to settle quickly at the bottom of the reactor. 
This is followed by filtration which is the second step of conventional water treatment. 
This step consists of filters with different pore size and is often made up of gravel, 
charcoal and sand which play an important role in removing particulate matter from 
water by forcing the water to pass through the porous media (Cheremisinoff, 2001). 
There are a lot of invention related to water treatment process but most of the invention 
require higher expenditure because of the complexity of water treatment plants and it 
require many stages of water purification (Aziz and Ghazali, 2019).  Therefore, 
Moringa oleifera seeds provide a lot of advantages compared to conventional coagulants 
towards the water treatment. The advantages of Moringa oleifera are cost effective, eco-
friendly, no pH alteration required, no necessity for alkalinity addition and reduction of 
sludge volumes (Idris et al., 2016). 
In this study, the Jar test was performed to assess the water quality parameters such as 
pH, turbidity, conductivity, Total Dissolved Solids (TDS), Chemical Oxygen Demand 
(COD), and Biochemical Oxygen Demand (BOD), before and after treatment with 
MOCR.  
 
2.0 MATERIALS AND METHODS 
2.1 Materials preparation 
The Moringa oleifera (MO) seeds were purchased from Mitomasa Sdn. Bhd., Kuala 
Lumpur. The Moringa oleiferaseeds were de-husked manually from its pod. The seeds 
obtained was then pulverised to produce Moringa oleifera seed powder and sieved 
through a 2mm, 1mm, 500 ߤm and 250 ߤm electronic siever. The analytical grade n-
hexane was obtained from Sigma Adrich Co., Malaysia without further purification. 
 
2.1.1 Soxhlet extraction and recovery of cake residue (MOCR) 
20 g of seed powder was place in the extraction thimble with 250 mL of n-hexane 
solvent poured into the round bottom flask. Then, the Soxhlet extractor was then placed 
inside the heating mantle. Running cold tap water was supplied to the condenser and the 
water was allowed to continuously flow in and out of the condenser. The heating mantle 
was set to 80°C until the solvent starts to boil. Temperature of 80°C was chosen with 
the purpose to ensure n-hexane vaporises and able to pass through the siphon and react 
with the Moringa oleifera seeds powder in the thimble. Hence, the boiling temperature 
and critical temperature of n-hexane are set at 68.75°C and 234.45°C respectively. The 
temperature of the heating mantle was reduced to around 70°C (Eman et al., 2014). 
After the Soxhlet apparatus was set up, the hexane solvent was heated up for 45 minutes 
in order to extract the oil (Da Porto et al., 2016). The oil extracted, containing some 
portion of the solvent was then recycled back to the round bottom flask as it refluxes 
and the total process of reflux continues until total oil extraction was achieved when the 
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solvent become colourless. After the oil extraction process, the Moringa oleiferacake 
residue from the thimble was collected and dried overnight in an oven for 50°C for 1 h 
and as the drying process ended, the residue cake was weight using electronic weighing 
machine (Eman, 2016). The seed cake residue was then used for water treatment after 
the oil has been drained out of the Moringa oleifera seed. The presence of oil in the 
seed will affect the coagulation process and this confirmed the reason for the oil 
extraction process conducted. Moreover, the presence of the oil will increase the 
quantity of organic matter added to water as reported by Garcia-Fayos et al., (2016). 
Eman et al.(2014) also buttressed this and reported that the performance of the Moringa 
oleifera cake residue in water treatment process will decreases as the oil content in the 
Moringa oleifera cake residue increases (Eman et al., 2014). 
 
2.1.2 Jar test experimentation 
The river water sample was collected from Belat River (Figure 1), located at housing 
area in Kuantan, Malaysia. The water quality status of the river was tested with different 
dosage of Moringa oleifera cake residue using jar tests. Furthermore, each beaker was 
filled with 500 mL of river water. These beakers were placed into the jar test machine. 
It is important that the turbidity is almost the same in each beaker before 0.05, 0.10, 
0.50, 0.75, 1.0, 2.5, 5.0, 7.5, and 10.0 g of Moringa oleifera seed powder (MOSP) with 
2 mm particle size were added into different beakers filled with river water, 
respectively. The stirring speed was set at 200 rpm for 4 min followed by 40 rpm for 30 
min. Then, the mixtures were left for 60 min to settle. Finally, the water quality 
parameters were tested. The experiment was repeated with a different particle size of 
MOSP for 1mm, 500μm and 250 μm. 
 
2.1.3 Analysis of treated water 
Digital turbidity meter (TB-500G) was used in this experiment to measure high 
turbidity before treatment with MOSP. The measurement range of this turbidity meter is 
from 20 NTU to 500 NTU with a 660 nm of wavelength. Digital turbidity meter (DTC-
4DG) was used in this experiment to measure low turbidity after treatment with MOSP. 
The measurement range of this turbidity meter is from 0.0 NTU to 20.0NTU with an 
860 nm of wavelength. The initial turbidity was measured 3 times on the raw water 
while stirring, and the average value from the three measurements was used as a starting 
value. After the sedimentation phase, samples for turbidity measurement were collected 
from the supernatant using a standard pipette. Moreover, the Spectrophotometer was 
used to measure the COD. COD reactor was preheated to 150 ºC. 2 mL each of de-
ionized water (control) and samples after jar test was added into COD Digestion 
Reagent Vials. Digestion reagent vials used for measurement test were low range 
reagent vials ranging from 3 to 150mg/L while for high range reagent vials ranging 
from 20 to 1500 mg/L. The samples were then inserted into COD reactor HACH 
DRB200 and heated for 2 h at 150 ºC with strong oxidizing agent (potassium 
dichromate solution). Then the solutions were cooled down to room temperature. The 
vials were cleaned to remove any fingerprint before measuring COD with HACH 
spectrophotometer DR2800. The dissolved oxygen (DO) meter was used for BOD 
measurement. 1 L of diluted water sample was prepared by adding 1 mL each of 
phosphate buffer, magnesium sulfate, calcium chloride and ferric chloride solution into 
1L of volumetric flask. Distilled water was added to 1L. About 10 mL of samples after 
jar test was transferred into each BOD bottle. Then, 300 mL of diluted water was added 
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Table 1:Summary of best results 
Parameters Before After Percentage Difference (%) 
Turbidity (NTU) 415 4.7 98.87 
pH 6.4 6.5 1.5 
TDS (ppm) 100 50 50 
Conductivity (ߤݏ ܿ݉⁄ ) 220 60 72.7 
COD (mg/L) 158 210 24.76 
BOD (mg/L) 25 45 44.4 
 
4.0 CONCLUSIONS 
The experimental procedure was conducted in two batches, the first batch comprises of 
Moringa oleifera seeds powder as natural coagulant for water treatment, while in the 
second batch the seeds were placed inside the extraction thimble for the Moringa 
oleifera seeds oil extraction process and Moringa oleifera cake residue formed was used 
as bio-coagulant after the oil has been completely extracted. The first batch of the 
experimental procedure was employed to determine which of the particle sizes is 
appropriate and this was achieved by varying the amount of MOCR. The result obtained 
gave residual turbidity of the treated water less than 5.0 NTU. This is in accordance 
with the WHO standard, which established that the turbidity of drinking water shouldn't 
be more than 5 NTU. Also, the COD result indicated that there is no increase in the 
COD in the treated water sample. Moreover, the pH value obtained (6.5-7.5) implies 
that there is no need for any additives for pH adjustment as it is within the acceptable 
range for drinking water. The conductivity, on the other hand, was less than the 
accepted standard limit (1055 µs/cm) for drinking water. This obtained showed that the 
use of Moringa oleifera cake residue as a natural coagulant was found to be most 
efficient at high turbid water. In addition, a prolonged sedimentation time together with 
Moringa oleifera bio-coagulant improved the quality of the treated water. 
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